The mechanism by which heart cells of cardiomyopathic (CM) hamsters become calcium overloaded is not known. We examined the number of slow calcium channels, calcium uptake via slow calcium channels, calcium pool sizes, and the contractile response to Bay K 8644, verapamil, and nifedipine using isolated cardiac myocytes from 8-9-month-old CM hamsters (BIO 14.6) 
Radioligand Binding Experiments
For determination of equilibrium binding properties of (+)-[3H]PN200-110, the isolated myocytes were resuspended in HEPES-buffered solution at 370 C. Graded concentrations of radioligand and unlabeled (+)-PN200-110 were added, and the isolated cells were then incubated at 370 C for 40 minutes in the dark. Control experiments confirmed that binding equilibrium was achieved. The reaction was terminated by rapid vacuum filtration over GF/B glass fiber filters (Whatman Inc., Clifton, N.J.), followed by four rapid washes with 4 ml wash buffer (50 mM KH2PO4, pH 7.5, 4°C) to remove unbound radioligand. Radioactivity was measured by liquid scintillation spectrometry (LKB). Equilibrium binding data and displacement curves were analyzed by using a modification of the method of Munson and Rodbard as previously described.21
Voltage-Clamp Recording Calcium current was obtained with patch-clamp techniques in the whole-cell mode. 22 The currents were recorded with a patch-clamp amplifier with a cutoff frequency of 1 kHz (model EP-7, Adams and List, New York) and analyzed on a PDP-11.73 computer (Digital Equipment Corp., Maynard, Mass.). Whole-cell recordings were obtained with the following solutions: the external solution contained (mM) barium acetate 20, tetraethylammonium chloride aspartate 135, and HEPES 10, pH 7.5, and the internal solution contained cesium aspartate 135, Cs2EGTA 10, HEPES 10, ATP 4, and MgCl2 5, pH 7.5. In experiments kept for analysis, the series resistance remaining after compensation did not exceed 2.5 MfQ. The stimulation frequency was 0.2 Hz. A specific membrane capacitance of 1 gF * cm-2 was assumed for the calculation of the current density. All recordings were obtained at room temperature (20-22°C). Linear components of capacitance and leak currents have been subtracted digitally from all records shown by using scaled current from signalaveraged small pulses that elicited no ionic current.
Materials
The ( Whole-Cell L-Type Calcium Channel Current Density
To characterize further the DHP-sensitive calcium channel properties in normal and cardiomyopathic myocytes, we used the patch-clamp technique to obtain direct evidence for the current density of L-type calcium channels in cardiac myocytes from both cardiomyopathic and age-matched control hamsters. The L-type calcium channel current was determined in ventricular cells by the whole-cell clamp technique, using Ba2`as the charge carrier. Outward currents were minimized by replacing intracellular (Figure 3 ).
The negative inotropic effects of verapamil and nifedipine were demonstrable in both groups of myocytes. Nifedipine produced a concentrationdependent decrease in the amplitude of contraction of myopathic cells ( Figure 5 ) that was similar to that observed in control cells. There was a biphasic change in contractile amplitude produced by verapamil in cardiomyopathic cells. For both calcium channel blocking drugs the negative inotropic effect of i0-5 M drug was the same as that in normal cells. Thus, calcium channel antagonists decrease the contractility of both myopathic cardiac myocytes and control cells to a similar degree.
Systolic and diastolic velocities were measured in normal and cardiomyopathic cells. In the cardiomyopathic myocytes, the maximum systolic velocity (Vma.,) was lower (Vm =87+11 gm/sec) than in controls (Vm_,=114+24 gm/sec; p<O.05, n=8 experi- (Figure 8 ). 2, abnormalities in sarcoplasmic reticulum calcium release, or hypothesis 3, an abnormality in contractile protein sensitivity to cytosolic calcium. The similarity in relaxation velocities tends to argue against a major abnormality in calcium uptake by sarcoplasmic reticulum. A limitation of this interpretation, however, is the implicit but untested assumption that the loading properties for both contraction and relaxation of the isolated myocytes attached to a glass coverslip are the same for control and myopathic cells. The seventh observation is that 45Ca content under control conditions was higher in cardiomyopathic than in normal cells at all points from 15 seconds to duced a greater change in 45Ca content and also a greater absolute 45Ca content at 5 minutes in cardiomyopathic than in normal cells. However, calcium channel blockers produced equivalent effects in cardiomyopathic and normal cells ( Figure 6 ). The fact that 45Ca content increased more in cardiomyopathic cells in response to Bay K 8644 raises at least three possibilities: 1) there are different calcium channel gating properties in cardiomyopathic cells (unlikely in view of the patch-clamp results), 2) there is greater calcium sequestration in the sarcoplasmic reticulum, or 3) the ability of the cell to extrude calcium in response to calcium loading conditions is abnormal. This could be due to either an abnormal sarcolemmal calcium transport ATPase or abnormal sodiumcalcium exchange. Importantly, the higher 45Ca content at 5 minutes in cardiomyopathic cells under control conditions helps explain the earlier plateau of contractile response to increases in calcium influx produced either by elevated [Ca] 
